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The fungus Rhizopus oryzae which belong to the order Mucorales is a
unique test agent to study the effects of metabolic alterations on infection
since it behaves differently in the metabolically normal and abnormal host.
This fungus was originally isolated at autopsy from a diabetic patient who
died with cerebral mucormycosis.' We have shown in previously reported
experiments that inoculation of the fungus in rabbits with acute alloxan
diabetes produces extensive nasal, pulmonary, and cerebral lesions which
closely resemble those of mucormycosis in man.' Inoculation of the fungus
into normal rabbits produces only rare and minute circumscribed lesions
at the site of inoculation. Similar experimental results have been obtained
byother investigators who employed another fungus of the order Mucorales,
Rhizopus arrhizus.' We have found further that hyperglycemia induced by
continuous intravenous infusion and not associated with diabetes mellitus
produces in rabbits nasal and sometimes pulmonary lesions which, although
more numerous and extensive than the lesions in normal animals, do not
approach the extent and severity of the lesions in rabbits with acute alloxan
diabetes.' The fungus lesions in both diabetic and hyperglycemic nondiabetic
rabbits have in common striking degenerative changes in the polymorpho-
nuclear leukocytes consisting of nuclear pyknosis and karyorrhexis.
The following experiments attempt to define further the metabolic altera-
tions which are essential in the pathogenesis of mucormycosis. Because of
the known decrease of host resistance to infection following cortisone
administration the effect of this hormone on experimental mucormycosis in
rabbits was studied in one series of experiments. In other experiments, the
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effect of a pre-existing inflammatory process on this fungus infection was
investigated since autopsy findings in man suggested the possibility that an
inflammatory focus might produce local conditions suitable for the prolifera-
tion of the fungus in tissues.
CORTISONE ADMINISTRATION
METHOD
The preparation of the fungus spore suspension,* the inoculation procedure and the
determinations of blood and urine sugar and urine acetone were the same as described
previously.8
Five groups of male rabbits weighing between 1900-2300 gms. were given 5 mgm. of
intramuscular cortisone twice daily for periods of 4, 6, 10, 15 and 23 days. Groups I-IV
comprised 3 animals each, Group V consisted of 5 rabbits. Forty-eight hours before
termination of the experiment a suspension of Rhizopus oryzae spores was instilled
into one nostril. Blood sugar determinations were performed twice daily on the rabbits
of Groups I-IV and once daily except on week-ends on the animals of Group V. Urine
sugar and acetone were determined once daily on the rabbits of Groups III, IV, and V.
At the end of the experiments the animals were sacrificed by injection of air into the
marginal ear vein. Complete autopsies including fungus cultures from the nose and
lung were performed on all animals.
Controls consisted of 4 male rabbits weighing between 2,000-2,300 gms. which were
subjected to the same experimental conditions as Group V except for fungus inocula-
tion. Forty-eight hours before termination of the experiment, these animals were given
1.5 cc. of sterile normal saline into one nostril.
RESULTS
The results of this experiment are summarized in Table 1.
Fungus lesions were present in 10 of the 17 rabbits. Nasal lesions were
found in 2 of the 3 rabbits in Groups I and III, in all 3 animals of group IV,
and in 3 of the 5 rabbits in GroupV. Pulmonary lesions were encountered
only in 2 animals of Group IV. No fungus lesions were noted in Group II.
Fungus cultures of nose and/or lung were positive in all 17 rabbits.
The nasal lesions consisted of multiple minute superficial circumscribed
mucosal ulcerations with some budding spores, hyphae, and mycelia and a
moderate infiltration of normal-appearing polymorphonuclear leukocytes
(Figs. 1 and 2). There was no involvement of bone or blood vessels. The
pulmonary lesions consisted of rare minute circumscribed foci of inflamma-
tion in the alveoli and alveolar ducts with a few degenerating spores sur-
*We are indebted to Dr. Libero Ajello, Chief, Mycology Section, Communicable
Disease Center, Department of Health, Education and Welfare, Chamblee, Georgia,
for the preparation of the spore suspensions.
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rounded by normal appearing polymorphonuclear leukocytes (Fig. 3). No
vascular involvement was present.
All rabbits including the controls showed marked cortisone effect, con-
sisting of glycogen infiltration of the liver and atrophy of the adrenal cortex.
The effect of the hormone was particularly pronounced in the animals of
Groups IV and V which in many instances also showed the nodular
TABLE 1. EFFECT OF CORTISONE ON RHIzoPus ORYZAE INFECTION
IN RABBITS
Rabbits Days Fungus lesions Fungus cultures
Group Number cortisone Nose Lung Nose Lung
I 3 4 2 .. 3 3
(777-779)
II 3 6 .. .. 3 3
(781-783)
III 3 10 2 .. 3 3
(784-786)
IV 3 15 3 2 3 1
(787-789)
V 5 23 3 .. 5
(840-844)
Total number of rabbits 17
with fungus lesions 10
with positive fungus cultures 17
glomerular lesions described in rabbits receiving cortisone over long
periods.9
All animals of Groups I and II and one rabbits of Group III showed a
slight rise in blood sugar with an increase of 40-50 mgm% over the baseline
values. The animals of Groups IV and V as well as 3 of the saline-
inoculated rabbits revealed a definite persistent elevation of the blood sugar
levels ranging between 140-390 mgm% with an average value of 239
mgm%o. No significant hyperglycemia was encountered in one of the 4 con-
trols. Appreciable glycosuria occurred most of the time in all animals tested
but acetonuria did not occur.
Gross and histologic post-mortem studies including fungus cultures of the
rabbits receiving cortisone and instilled intranasally with saline revealed
only the already mentioned changes attributed to cortisone administration.
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CHEMICAL INFLAMMATION
METHOD
The details of the preparation of the fungus spore suspension and of the inoculation
procedure have been described previously.!
Four groups of male rabbits weighing between 1850-2500 gms. were lightly anes-
thetized with intravenous Nembutal and instilled into one nostril with 0.3 cc. of croton
oil. Groups I and IV each consisted of 4 rabbits and Groups II and III each of 5
TABLE 2. CHEMICAL INFLAMMATION (CROTON OIL) AND
RHIZOPUS ORYZAE INFECTION IN RABBITS
Inoculation (Hrs.) Fungus
Rabbits After Before lesions Positive funtgus cultures
Group Number Croton oil autopsy Nose Lung Nose and/or lung
I 4 48 48 1 2 3
(893-896)
II 5 48 96 .. .. 5
(897-901)
III 5 96 48 .. 2 4
(902-906)
IV 4 96 96 .. 1 3
(907-910)
Total number of rabbits 18
with fungus lesions 6
with positive fungus cultures 15
animals (Table 2). Forty-eight hours after the instillation of croton oil a suspension of
Rhizopus oryzae spores was given into the already injured nostril of the rabbits com-
prising Groups I and II. The animals of Group I were sacrificed 48 hours and those
of Group II 96 hours after fungus inoculation. The rabbits of Groups III and IV were
inoculated with the fungus spore suspension 96 hours after croton oil administration
and were sacrificed 48 hours (Group III) and 96 hours (Group IV) later. Eight male
rabbits served as controls. These received 0.3 cc. of croton oil into one nostril but were
not inoculated with fungus. Two animals were sacrificed 48 hours after croton oil
instillation, 3 after 72 hours, and the remainder after 96 hours. Complete autopsies
including fungus cultures from the nose and lung were performed on all animals.
RESULTS
The results of this experiment are summarized in Table 2.
In all 18 rabbits croton oil produced extensive lesions at the site of
inoculation in the nose and in 11 of these animals pulmonary lesions second-
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ary to aspiration of the chemical had occurred. The nasal lesions consisted
of large mucosal ulcerations with necrosis of the deeper tissues which some-
times involved the bone. The lungs showed areas of bronchopneumonia
frequently with extensive abscess formation. All lesions revealed a marked
inflammatory response. Repair was pronounced in all lesions of 96 hours
and longer duration.
No lesions which could be attributed to the fungus were found in any of
these animals. In a few instances the fungus could be identified histologi-
cally in the lesions produced by croton oil. No fungus was seen in any of
the nasal lesions except in one rabbit of Group I. Fungus was observed in
the pulmonary lesions of 2 rabbits in Groups I and III and in one animal
of Group IV. Fungus cultures from nose and/or lung were positive in 15
of the 18 rabbits.
The histological demonstration of the fungus was difficult, and the agent
was found solely in association with the croton oil lesions. Only rare spores
were encountered, all of which except one were degenerating (Fig. 4). This
viable-appearing spore was present in an alveolar duct (Fig. 5). A single
degenerating hypha was encountered in a pulmonary lesion of another rab-
bit (Fig. 6). The viable appearing spore and the degenerating hypha both
occurred in the pulmonary lesions of rabbits of Group I. Wherever the
fungus could be seen, it was surrounded by a vigorous inflammatory
response consisting chiefly of normal-appearing polymorphonuclear leuko-
cytes.
The croton oil induced lesions in the 8 control rabbits closely resembled
those of fungus-inoculated animals in size, distribution, and histological
appearance.
DISCUSSION
Our findings indicate that cortisone in the amount given in this study
does not produce conditions suitable for the development of mucormycosis
with unrestrained proliferation of Rhizopus oryzae in the tissues. The hor-
mone, however, alters the host resistance to the fungus as shown by the
increased incidence of the fungus lesions. These are about three times more
common in the hormone-treated rabbits than in the normal controls. Fur-
thermore, budding spores, hyphae, and mycelia occur regularly in the
lesions of the hormone-treated animals but are not generally found in the
fungus lesions of normal controls. Despite this enhanced proliferation of the
fungus, the lesions in the cortisone-treated rabbits resemble those of the
metabolically normal controls and do not approach the extent and severity
of the fungus lesions in rabbits with either infusion hyperglycemia or acute
alloxan diabetes. Our observations differ from those reported by Baker and
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associates.' These investigators found that experimental peritoneal Rhizopus
oryzae infection in cortisone-treated mice, rats, and guinea pigs spreads to
extraperitoneal organs to a much greater extent than in normal controls.
More hyphal forms of the fungus were noted in the lesions of the hormone-
treated animals. It was concluded that cortisone has a tendency to promote
spreading of the fungus in the animal body.
The unusual scarcity of visible spores and the virtual absence of fungus
growth in the extensive inflammatory lesions produced by croton oil indi-
cate that a pre-existing focus of inflammation in a metabolically normal host
does not provide an environment suitable for the development of this fun-
gus infection. Histologically demonstrable fungus in the croton oil lesions
was considerably less frequent than in the tissues at the inoculation site of
metabolically normal animals. It appears, therefore, that a pre-existing in-
flammatory reaction not only restrains the growth of the fungus inoculum,
but also destroys spores.
The scarcity of the fungus in these lesions may be related to the presence
of large numbers of polymorphonuclear leukocytes which appear normal.
In contrast, the polymorphonuclear leukocytes in the fungus lesions of rab-
bits with systemic metabolic alterations such as acute alloxan diabetes or
infusion hyperglycemia are also present in large numbers but show marked
degenerative changes. Dubos considers it likely that metabolic changes in
the internal environment of the leukocyte affect its bactericidal function.!
The increased susceptibility to mucormycosis of cortisone-treated rabbits
may in part be related to hormone-induced metabolic changes in the poly-
morphonuclear leukocytes. Martin and associates have shown that cortisone
reduces the lactic acid production by the leukocyte in vitro.' It has further
been demonstrated that in vitro the polymorphonuclear leukocytes of dia-
betic patients have impaired glycolytic power and also form less lactic acid.'
Our findings again emphasize the important role of the polymorpho-
nuclear leukocyte in the pathogenesis of Rhizopus oryzae infection. An
adequate response of normal polymorphonuclear leukocytes inhibits the
development of mucormycosis while the metabolic alterations associated
with cortisone administration, although insufficient to induce widespread
infection, clearly enhance the host's susceptibility to this fungus.*
SUMMARY
Cortisone administered to rabbits for 4-23 days preceding inoculation
with the fungus Rhizopus oryzae slightly decreases host resistance to this
*The technical assistance of Miss Hillma Gheesling and Miss Elaine Schubert is
gratefully acknowledged.
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agent but does not lead to widespread infection. An inflammatory focus
produced by croton oil in the nose and lung of normal rabbits and subse-
quently inoculated with Rhizopus oryzae inhibits the proliferation of the
fungus.
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